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Purpose: Gastric cancer surgery is a common operation in East Asia, such as Korea and Japan, and there has been a significant in-
crease in the need for this procedure due to the aging population. As a result, surgery for the treatment of gastric cancer for elderly pa-
tients is expected to increase. This study examined the effect of old age on gastric cancer surgery, and analyzed the operative risk factors 
for elderly patients.
Materials and Methods: From November 2008 to August 2010, 590 patients, who underwent a curative resection for gastric cancers, 
were enrolled. Patients who underwent palliative or emergency surgery were excluded. A retrospective analysis of the correlation be-
tween surgical outcomes and age was performed. The elderly were defined as patients who were over the age of 65 years.
Results: The mean age of all patients was 58.3 years, and complications occurred in 87 cases (14.7%). The most common compli-
cation was wound infection and severe complications requiring surgical, endoscopic, or radiologic intervention developed in 52 cases 
(8.8%). The rate of complications increased with increasing age of the patients. Univariate analysis revealed age, comorbidity, extent 
of resection, operation time, and combined resection to be associated with surgical complications. In particular, age over 75 years old, 
operation time, and comorbidity were predictive factors in multivariate analysis. In the elderly, only comorbidity was associated with sur-
gical complications
Conclusions: The patients’ age is the most important factor for predicting surgical complications. Surgeons should pay an attention to the 
performance of gastric cancer surgery on elderly patients. In particular, it must be performed carefully for elderly patients with a comorbidity.
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Introduction
Gastric cancer is the most common malignancy in Korea, and 
the second cause of malignancy-related death in the world.(1) The 
only method proven to increase survival of gastric cancer patients 
is curative resection of the primary tumor and proper range of 
lymph nodes. The conventional surgical modality is the subtotal or 
total gastrectomy and extended lymph node dissection, as well as 
combined resection of adherent organs, as occasion demands, un-
der open laparotomy.(2,3) However, surgical treatment has recently 
been developed considering the improvement of quality of life (QoL) 
and early recovery after surgery. In Korea, the rate of postopera-
tive complication after gastric cancer surgery has been reported as 
10.5% to 14.7%.(4,5) In several clinical researches, the elderly has 
been presented as one of the factors related to complication for 
evaluation the risk factors of gastric cancer surgery.(6,7)
The elderly are the fastest growing part of the entire population 
in Korea. According to the annual report of the Korea National 
Statistical Office in 2007, the proportion of elderly over 65 years old 
was 9.9%, the so called ‘aging society’ defined by the W orld Health 
Organization.(8) Therefore, the proportion of elderly in patients 
diagnosed with gastric cancer who undergo gastric cancer surgery 
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is expected to increase. The elderly have a functional diminution of 
reserve capacity, and show high incidence of comorbidity. These 
may lead to reduced ability of older patients to tolerate surgical 
stress, including gastric cancer surgery. The other feature of elderly 
patients is less social and economical support and greater burden 
from additional fees associated with postoperative complication. For 
physicians, clinical practices for the elderly should be performed 
with caution in order to minimize postoperative complications, and 
awareness of risk factors for complication in elderly patients is im-
portant. 
In this study, we aimed to determine factors for prediction of 
complications after gastric cancer surgery through retrospective 
review of patients who have undergone gastric cancer surgery in a 
single institution in Korea during a period of 2 years.
Materials and Methods
W e reviewed clinical information, operation and progress re-
cords, and pathologic results of 590 patients who were diagnosed 
with gastric cancer and who underwent curative gastrectomy with 
proper lymph node dissection from November 2008 to August 
2010 in Ajou University Hospital, Suwon, Korea. All patients were 
diagnosed with adenocarcinoma by gastrofiberscopic biopsy, and 
patients with clinically early disease underwent minimally invasive 
surgery including a laparoscopic or robotic approach. Total or sub-
total gastrectomy was performed considering the location of the 
tumor in order to secure a resection margin with free from tumor, 
and lymph nodes of over D1+beta lesions were dissected accord-
ing to the classification suggested by the Japanese Gastric Cancer 
Association.(9) The combined resection was deemed to completely 
remove the adherent organs, including distal pancreas or spleen, 
invaded by tumor or for treatment of other diseases, like gall stones 
and other malignancy. 
During the postoperative period, all patients were managed with 
a common clinical pathway. Prophylactic antibiotics were injected 
during two postoperative days, and patients were supplied with a 
soft diet from the fifth postoperative day. Patients were recom-
mended for discharge from the hospital two days after ingestion 
of a soft diet without intolerance. Events causing an increase in the 
length of hospital stay or delay of the dietary schedule during hos-
pital periods were defined as postoperative complications.
W e defined patients over 65 years old as the elderly. W e ana-
lyzed the correlation between clinicopathologic results, including 
patients’ age and postoperative complications. In addition, subgroup 
analysis for the elderly was performed for determination of risk 
factors for postoperative complication.
Statistical Package for the Social Sciences ver. 13.0 (SPSS Inc., 
Chicago, IL, USA) was used for performance of statistical analysis. 
Univariate analysis was performed using Pearson’s chi-square test, 
and multivariate analysis was carried out using binary multiple lin-
ear regressions analysis. P-value of ＜0.05 was considered statisti-
cally significant.
Results
Mean age of patients was 58.3 year olds. When the age of pa-
tients was classified into 5 years, the number of patients from 60 to 
65 years old was most frequent (Fig. 1). In our study, of a total of 
590 patients, 203 (34.4%) patients were proved to be elderly. And 
the number of patients over 75 years old was 42 (7.1%).
345 patients (58.4%) had one and over comorbidity, and 142 
patients (24.1%) had two and more. Most common comorbidity was 
hypertension (190 patients), and diabetics (84 patients) and heart 
disease (52 patients) were also common. The rate of patients with 
comorbidity was increased into 76.4% in the elderly (≥65 years old).
Table 1. Distribution of major postoperative complications and 
mortality of a total of 87 cases (14.7%)
Complication  N  % 
Total complication 87 14.7%
   Wound infection  21    
   Postoperative ileus  16    
   Bleeding  14    
   Pulmonary complication    9    
Mortality   4   0.7% Fig. 1. The distribution of patients’ age was presented by histogram.Seo SH, et al.
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Postoperative complications occurred in 87 patients (14.7%); 
the most common was wound problems, including seroma, infec-
tion, and dehiscence. In addition, sixteen patients have postopera-
tive prolonged ileus, fourteen had bleeding from intraabdomen or 
intraluminal, and nine had pneumonia as frequent complications 
(Table 1). Severe complications occurred in 52 patients (8.8%) who 
should be managed with radiologic, endoscopic intervention or sur-
gical procedures under general anesthesia. Postoperative mortality 
occurred in 4 patients (0.67%). 
W e evaluated the correlation between complications and clini-
cal factors. Patients’ age (P=0.024), comorbdity (P=0.011), and the 
extension of resection (P=0.008) and operation time (P=0.008), and 
combined resection (P=0.010) were significantly associated with 
postoperative complication (Table 2). Specifically, when patients’ 
ages were divided into three groups, increasing age showed a sig-
nificant association with complications (below 65, from 66 to 75, 
above 76).
In multivariate analysis for determination of factors for predic-
tion of postoperative complications, age over 75 years (OR=2.353, 
P=0.023), operation time (OR=1.923, P=0.008), and comorbidity 
(OR=1.674, P=0034) were found to be pertinent (Table 3). 
In addition, we performed subgroup analysis of 204 patients over 
the age of 65. One hundred fifty five patients had comorbidity, and 
complication occurred in 27.7% of elderly patients with comorbid-
ity. As a result, comorbidity was only factor related to postopera-
tive complication in univariate (P=0.031) and multivariate analysis 
(OR=2.683, P=0.038) (Table 4, 5). Meanwhile, operative time was 
Table 2. Correlation between clinical factors and complication 
Variables  N 
Complication 
cases (%) 
P-
value 
Age  <65 
≥65, <75
≥75 
387 
161 
42 
59 (15.2) 
33 (20.5) 
13 (31.0) 
0.024 
Gender  Male 
Female 
420 
170 
77 (18.3) 
28 (16.5) 
0.592 
BMI  (kg/m
2)  <25 
≥25 
417 
168 
75 (18.0) 
27 (16.1) 
0.581 
Comorbidity  Yes 
None 
345 
245 
73 (21.2) 
32 (13.1) 
0.011 
Resection  Total gastrectomy 
Partial gastrectomy 
108 
482 
29 (26.9) 
76 (15.8) 
0.006 
Approach  Conventional 
Minimal invasive 
310 
280 
63 (20.3) 
42 (15.0) 
0.091 
Op time (min)  <180 
≥180 
226 
357 
28 (12.4) 
75 (21.0) 
0.008 
Combined 
  resection 
Yes 
None 
73 
514 
21 (28.8) 
84 (16.3) 
0.010 
LN dissection  D1 (α or β) 
D2 
335 
253 
53 (15.8) 
51 (20.2) 
0.172 
BMI = body mass index; Op = operation; LN = lymph node.
Table 3. Multivariable analysis for risk factors of postoperative 
complication 
Variables  P-value  Odd ratio  95% CI 
Age 
≥65, <65 vs. <75 
<65 vs. ≥75 
0.442 
0.023 
1.219 
2.353 
0.736~2.017 
1.125~4.920 
Op time 
<180 minutes vs. 
  ≥180 minutes 
0.008  1.923  1.184~3.123 
Comorbidity 
None vs. yes  0.034  1.674  1.038~2.699 
Combined operation 
None vs. yes  0.057  1.770  0.984~3.185 
CI = confidence interval; Op = operation.
Table 4. Correlation between clinic-operative factors and compli-
cation in elderly patients (≥ 65 years old ) 
Variables  n  Complication 
case (%)  P-value 
Age  <75 
≥ 75 
161 
42 
36 (22.4) 
13 (31.0) 
0.311 
Gender  Male 
Female 
155 
48 
37 (23.9) 
11 (25.0) 
0.961 
BMI  <25 
≥25 
138 
60 
34 (24.6) 
12 (20.0) 
0.478 
Comorbidity  Yes 
None 
155 
48 
43 (27.7) 
6 (12.5) 
0.031 
Resection  Total gastrectomy 
Partial gastrectomy 
33 
170 
12 (36.4) 
37 (21.8) 
0.073 
Approach  Conventional 
Minimal invasive 
113 
90 
31 (27.4) 
168 (17.8) 
0.465 
Op time  <180 
≥180 
83 
116 
16 (19.3) 
32 (27.6) 
0.177 
Combined 
  resection 
Yes 
None 
36 
166 
12 (33.3) 
34 (20.5) 
0.096 
LN dissection  D1 (α or β) 
D2 
121 
80 
30 (24.8) 
18 (22.5) 
0.709 
BMI = body mass index; Op = operation; LN = lymph node.Operative Risk Factors in Gastric Cancer Surgery for Elderly Patients
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the only factor for prediction in patients under 65 years (OR=2.32, 
P=0.012) (Table 5).
Discussion
The elderly is known in various surgical fields as a risk factor 
for postoperative complication, due to loss of physical function. 
W e confirmed the results though analysis of the records of patients 
who underwent gastric cancer surgery in a single center during a 
period of two years. In addition, we obtained additional information 
in which the comorbidity was only risk factor for complication in 
the elderly patients.
Although the definition of an elderly patient varies according 
the social and economic situation, most developed and developing 
countries have defined the elderly as those aged 65 years because of 
the decreased role in the community and society.(10) On the other 
hand, being elderly is medically defined in accordance with the 
functional loss of major organs and decreased ability of recovery 
from severe stress, like trauma. In particular, several clinical re-
search studies have reported that patients who were at least 75 years 
old showed a higher frequency of comorbidity and severe loss of 
physical function(6,11); therefore, the definition of “young elderly” 
is over the age of 65 and “old elderly” as over the age of 75 years.
(12,13) W e assumed that increased complication after gastric cancer 
surgery may also be effected by increased age, because it requires 
surgical resection of an extensive range and reconstruction in the 
upper abdomen. In the present study, we analyzed the correlation 
between postoperative complications and clinical factors, including 
the patient’s age, which was divided by age 65 and 75 years. As a 
result, age over 75 years was found to be a strongest predicting fac-
tor for postoperative complication in gastric cancer surgery.
Several studies have reported on increased postoperative mor-
bidity and mortality in the elderly.(14-16) Researchers have sug-
gested that a reduced range of surgery and minimally invasive 
treatment, like endoscopic therapy, could be applied for elderly pa-
tients as an alternative method for replacement of standard surgery. 
However, the number of elderly patients requiring gastric cancer 
surgery would increase, and we cannot avoid standard surgery in all 
elderly patients. Therefore, evaluation of surgical risk for elderly pa-
tients and determination of which elderly patients might be suitable 
for limited surgery or minimally invasive treatment is important. In 
subgroup analysis of only elderly patients, comorbidity was found to 
be a higher risk factor than being an elderly patient. 
In our study, we confirmed that the biological age of patients 
considering the organic function was more informative for post-
operative complication after gastric cancer surgery than physical 
age. Hypertension, diabetic mellitus, and pulmonary problems were 
major comorbidities in our study, and 58.4% of all patients had 
one or more types of comorbidity. The proportion of patients with 
comorbidity was increased to 76.4% in elderly patients over the 
age of 65. Meanwhile comorbidity was not a predicting factor for 
postoperative complication in patients under 65 years; it was the 
only factor for patients over 65 years. This means that comoribid-
ity can have a greater effect on complication in elderly patients. To 
date, several studies have reported on the effect of comorbidity on 
gastric cancer surgery(17-19); Kim et al.(20) reported that comor-
bidity was significantly related to postoperative complication after 
laparoscopic surgery for gastric cancer in a multicenter study of 1,237 
patients. However, no study has been conducted for analysis of the 
effect of comorbidity on increasing age in postoperative complica-
tion with a focus on all types of gastric cancer surgery.
In the present study, 280 (47.5%) of a total of 590 patients un-
derwent minimally invasive surgery (MIS) by the laparoscopic or 
robotic approach. Although recent indication for MIS was early 
disease of gastric cancer, it is expected that its indication will be 
expanded due to the increasing number of cases of early disease 
and development of technique and instruments.(21) Regarding MIS 
for the elderly, there has been controversy regarding whether this 
Table 5. Comparison of predicting factors for postoperative complication between subgroups according to age 
<65 years old ≥65 years old
Variables P-value Odd ratio 95% CI Variables P-value Odd ratio 95% CI
Op time 
  <180 minutes vs. 
0.012 2.32 1.204~4.470 Comorbidity
  None vs. yes
0.038 2.683 1.054~6.833
  ≥180 minutes  Combined op
  None vs. yes
0.074 2.100 0.931~4.735
CI = confidence interval; Op = operation.Seo SH, et al.
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procedure has a positive or negative effect on surgical outcome 
of elderly patients.(16) Patients who underwent MIS in our study 
showed a relatively lower complication rate than the open proce-
dure; however, the difference was not statistically significant in el-
derly patients, as well as all patients. Therefore, the efficacy of MIS 
for elderly patients could not be confirmative from data presented 
in our study. 
Development of treatment for gastric cancer has followed with 
reducing the range of surgery as well as maintaining oncologic 
safety.(22) According to this principle, endoscopic resection for 
early gastric cancer, and partial gastric resection with limited lymph 
node dissection using sentinel lymph node navigation has been 
developed. The absolute indication of endoscopic resection was 
mucosal cancer under 2 cm considering metastasis to the perigas-
tric lymph node(23); however, this indication has recently been 
extended by the effect of precise preoperative diagnosis and de-
velopment of endoscopic technique.(24,25) The definite advantage 
of endoscopic treatment is that general anesthesia is not required. 
Therefore, the extended indication of endoscopic treatment could 
be primarily applied for elderly patients who are highly expected 
to have postoperative complication related to anesthesia, in spite of 
the possibility of incomplete tumor resection and not confirmative 
lymph node status. Another option for prevention of postoperative 
complication is partial gastrectomy with limited lymph node dis-
section under sentinel node navigation.(26,27) Although this proce-
dure did not provide confirmative results for application to clinical 
practice, future studies will provide researchers with additional 
clues.
The three surgeons in the present study have experience in 
performance of more than 80 gastric cancer surgeries per year, 
and 400 surgeries for gastric cancer patients per year have been 
performed in the institution. Our result in view of the complication 
rate is similar with the rate, 10.5~14.7%, from large scale studies 
conducted in Korea.(5,28) Therefore, our result may be generally 
acceptable in other institutions. Our study had the limitation that 
long term follow-up for evaluation of survival after cancer surgery 
was not performed. The benefit of limited surgery or endoscopic 
treatment for elderly patients did not reach a conclusion.
As a result, the most important factor for prediction of postop-
erative complication after gastric cancer surgery is patient’s age, and 
specific precautions for elderly patients are required. In particular, 
the authors suggest that the surgeon performing gastric cancer sur-
gery should consider limited surgery or endoscopic treatment for 
elderly patients with comorbidity, if the disease status is applicable. 
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